The idea that 'everything is everywhere, but the environment selects' has been seminal in microbial biogeography, and marine phytoplankton is one of the prototypical groups used to illustrate this. The typical argument has been that phytoplankton is ubiquitous, but that distinct assemblages form under environmental selection. It is well established that phytoplankton assemblages vary considerably between coastal ecosystems. However, the relative roles of compartmentalization of regional seas and site-specific environmental conditions in shaping assemblage structures have not been specifically examined. We collected data from coastal embayments that fall within two different water compartments within the same regional sea and are characterized by highly localized environmental pressures. We used principal coordinates of neighbour matrices (PCNM) and asymmetric eigenvector maps (AEM) models to partition the effects that spatial structures, environmental conditions and their overlap had on the variation in assemblage composition. Our models explained a high percentage of variation in assemblage composition (59-65%) and showed that spatial structure consistent with marine compartmentalization played a more important role than local environmental conditions. At least during the study period, surface currents connecting sites within the two compartments failed to generate sufficient dispersal to offset the impact of differences due to compartmentalization. In other words, our findings suggest that, even for a prototypical cosmopolitan group, everything is not everywhere.
Introduction
Planktic organisms, which disperse passively with low energetic costs, comprise the most cosmopolitan species in the marine environment [1, 2] . However, due to high growth rates and resultant species turnover, distinct phytoplankton assemblages form rapidly under environmental selection [3] . The joint effect of passive dispersal and environmental selection is conveyed concisely by the statement that 'everything is everywhere, but the environment selects' [4, 5] . However, it is unclear at which spatial scale environmental selection occurs. A substantial body of literature has highlighted the role of strong small-scale environmental pressures acting within geographically defined coastal ecosystems (e.g. bays) in driving distinct assemblage composition and diversity [6] [7] [8] . However, this leaves open the question of the importance of processes acting at broader scales, such as marine compartments within the same regional sea, forming from the movement of water masses originating in marine areas that are biogeographically distinct (e.g. marine realms).
Previous studies have clearly demonstrated that biogeographically defined marine realms (e.g. North Atlantic, Black Sea) can be characterized by distinct assemblage structure with respect to both species richness and composition (e.g. endemic species). This has been demonstrated for taxa with movement limitation, such as benthic organisms, but does not hold for organisms with active movement such as large fish [1] . These marine realms are typically separated by biogeographic barriers, but even when water originating from different marine realms comes into close contact, mixing of waters (and thus biological communities) can also be limited by circulation patterns (e.g. generated as a result of temperature and/or salinity differentials), potentially leading to the formation of broadscale marine compartments even within the same regional sea [9] [10] [11] . This is, for instance, the case in the Aegean Sea which is separated into east (Atlantic origin water) and west (Black Sea water) compartments [12] , and the Mediterranean itself, separated into eastern and western basins by circulation patterns around the Strait of Sicily [10] . In the case where the water masses originate from sources with a distinct species composition [1] , it is possible that compositional differences are maintained inside marine compartments within regional seas, potentially dominating local environmental conditions in shaping phytoplankton assemblages.
The role of physical barriers as drivers of plankton assemblage structure has traditionally been investigated in lakes, salt lakes, rivers and interconnected reservoirs [13] [14] [15] [16] [17] . In these systems, the dispersal of organisms is limited or facilitated by processes such as wind [18] , directional riverine flow [19, 20] , pipelines connecting artificial reservoirs [15] and animal transport [21] . In these contexts, evidence suggests that species sorting according to local environmental conditions is the prevailing mechanism driving assemblage composition, whereas dispersal limitation becomes important only at large scales of the order of thousands of kilometres [16, 17] .
In marine systems, the lack of obvious physical barriers means that passively dispersed microorganisms such as phytoplankton have been traditionally thought to have a ubiquitous presence across the globe [22] . In coastal areas, strong influences from watersheds create specific, localized environmental conditions that lead to the dominance of specific species and thus differentiation of phytoplankton assemblages [6] [7] [8] 20] . Complementing this framework is the idea that compartmentalization of a regional sea could also contribute to the formation of distinct phytoplankton assemblages, due to compositional differences in the assemblages in the marine realm from which the water masses of the compartments originate [23] [24] [25] . In addition to being of fundamental importance to community ecology, identifying the relative role of local versus broad-scale processes in shaping assemblage diversity can have important practical implications for conservation and ecosystem services. For instance, in cases where there is an important role of marine compartments, water quality assessment should consider the influence of the broader-scale processes when making inferences about the effect of local natural and/or anthropogenic influences.
Our aim was to test for evidence of compartmentalization, based on water mass origin in a regional sea, affecting the composition and diversity of phytoplankton assemblages. To address this question, we selected a geographical area in which both local and regional processes operate. Specifically, in the periphery of a regional sea, we sampled from multiple semi-enclosed coastal systems that fall within two different marine compartments. These marine compartments have been defined by previous studies based on hydrodynamics, as well as abiotic and biotic criteria (e.g. nutrients, Chl a). We applied a standard methodology that partitions the effect of environment, spatial structuring and the spaceenvironment overlap in explaining assemblage composition patterns. We expected the role of compartmentalization to be important when spatial structures that reflect the two marine compartments were able to explain the variation in assemblage composition better than environmental covariates acting at the level of a coastal site. Although we expected the influence of directional dispersal between compartments due to seasonal hydrodynamic circulation to have a weaker effect on assemblage composition than original compositional differences within compartments, we extended our analysis to also account for this effect.
Methodology (a) Overview
To address the question of whether marine compartmentalization affects assemblage composition, we sampled from sites within two distinct marine compartments, ensuring that sampling occurred within a short time period to exclude the effects of rapid assemblage turnover. Below, we give a detailed account of the selection of nine sampling sites, which fall within the two previously identified compartments (electronic supplementary material, table S2). We also detail our methods for analysing assemblage composition using both morphological and molecular species identification. We then provide a description of the principal coordinates of neighbour matrices (PCNMs) method which was used to partition variation in assemblage composition into that explained by spatial structures such as marine compartments, environmental conditions in the nine coastal sites and their overlap. We also describe the complementary asymmetric eigenvector maps (AEM) method, which considers directional connectivity between pairs of sites and was used to account for possible effects of dispersal due to short-term hydrodynamic circulation patterns in the area. Finally, we describe additional statistical tests that were used to confirm whether the effects of compartmentalization also affected other measures of community structure such as genus richness, evenness, compositional turnover and the abundance of specific genera.
(b) Description of datasets
As sampling sites, we selected nine gulfs (G1-G9) in the Aegean Sea, Greece (figure 1), characterized by a range of environmental conditions due to differences in hydrology, geomorphology, substrate, terrestrial runoff and local anthropogenic pressures (see also electronic supplementary material, table S1). The sites are set within a polygonal area of 72 600 km 2 and belong to two different large-scale marine compartments based on a categorization that relies on hydrodynamic circulation patterns [10, 27] , biogeochemical variables such as nutrients, pH, dissolved oxygen, POC (e.g. [23] [24] [25] ) and satellite-observed Chl a [12, 28] (see also electronic supplementary material, table S2). Specifically, based on studies relying on a synthesis of variables from royalsocietypublishing.org/journal/rspb Proc. R. Soc. B 286: 20191890 hydrological, climatological and satellite data [12, 28] , sites G1-G5 can be categorized in the west compartment fed by the Black Sea outflow waters, whereas sites G6-G9 can be categorized in the east compartment fed by Atlantic water. Within each site, five stations were sampled at 1, 5 m and at the Secchi depth (i.e. the depth at which light penetration ceases). Sampling took place during July 2014 and was carried out within 19 days (5-24 July) to minimize the effect of temporal variation on assemblage composition. July was selected for sampling as previous studies have shown that physico-chemical variables and phytoplankton composition are relatively stable during this summer period, at least for a subset of the coastal areas included in the present study [8, 29] ; this is in contrast with winter months, during which episodic rainfall events-which at this large scale may not simultaneously affect all sites-add noise that could distort inferences regarding the role of compartmentalization [8] .
At each station and depth, we recorded information on environmental covariates that are necessary for the growth of phytoplankton (i.e. autotrophic and mixotrophic protists) which made up the vast majority of our assemblage composition. Specifically, salinity and temperature were recorded onsite, while 3 l seawater samples were collected with a Niskin type sampler for later nutrient measurement (NO 3 , NO 2 , PO 4 , SiO 2 , organic N, organic P), alongside 2 l for species identification (1 l for each of two identification methods). Organic nitrogen and phosphorus were strongly correlated with dissolved inorganic nitrogen (DIN) and dissolved inorganic phosphorus (DIP) and were therefore excluded from further analysis. The covariates used in the analysis were thus salinity, temperature, DIN, DIP and SiO 2 .
Our environmental covariates presented significant variation between the different coastal sites (electronic supplementary material, table S3 and figure S2 ) which was a prerequisite to enable the testing of whether phytoplankton composition was affected by site-specific environmental conditions or spatial structuring due to compartmentalization. The magnitude of variation in nutrient and Chl a variables between our coastal sites was considerably higher than that observed by previous studies on the open Aegean waters [30] . Note that any overlap between our environmental covariates and the spatial structures due to compartmentalization (i.e. spatial autocorrelation) was explicitly accounted for in the PCNM and AEM approaches (see Data analysis).
(c) Species identification
Our study focuses on unicellular eukaryotic organisms, either autotrophic or mixotrophic. Although Cyanobacteria play an important role in the oligotrophic Aegean Sea, especially during spring and summer [31] , this group was not considered due to its small size range that does not permit reliable identification and enumeration by microscopy, while it is also undetected by our molecular approach (sequencing the 18S rRNA gene). Species were identified by both morphological and molecular approaches. Although the morphological approach offers a more accurate representation of species abundances, the molecular approach offers a more exhaustive species list-at the level of the operational taxonomic unit-as it can capture species that are rare and/or small and thus undetected by microscopy. The samples were analysed morphologically using conventional microscopy techniques, and genetically using the high-throughput sequencing platform of Illumina MiSeq 2 × 300 bp, producing a dataset of species-abundance and species read data, respectively. The sample size for the morphological dataset was 135 (9 gulfs × 5 stations × 3 depths), whereas the molecular dataset consisted of the same samples except for sites G2 and G3 due to the occurrence of excess mucilage which reduced the filtration efficiency and, consequently, the quality of extracted DNA. Abundance data from the microscopy species identification were transformed with Hellinger transformation to minimize skewness due to low abundances of rare species [32] . To conduct our analyses, we aggregated data to the genus level to minimize any potential biases in the microscopy due to misidentification at the species level. The molecular data were also analysed at this level to allow corresponding inferences from the two approaches.
The molecular method detected 198 genera whereas morphological identification detected 132 (electronic supplementary material, figure S1 ). This higher number genera observed in the molecular approach was mostly because the Illumina MiSeq 2 × 300 bp high-throughput sequencing platform is more sensitive in detecting Haptophyta, Ochrophyta, Chlorophyta and picophytoplankton species (having one dimension less than 3 µm) that were usually not captured morphologically. Details of the morphological and molecular identification methods are provided in the electronic supplementary material, Methodological information. To visualize the pattern in the assemblage composition of marine phytoplankton with data from the morphological identification approach, we used non-metric multidimensional scaling (nMDS) based on the Bray-Curtis similarity index on Hellingertransformed species-abundance and presence-absence data. If our samples clustered primarily based on the broader scale of the marine compartment (west and east), and secondarily based on the more local scale of the coastal site (G1-G9), this would provide evidence of the effect of compartmentalization on assemblage composition. To test for these effects statistically, we used the PerMANOVA analysis [33] . Finally, we also tested whether the two compartments were different with respect to how homogeneous they were in their species composition (i.e. the similarity of samples within them) using PERMDISP2 analysis [34] .
In order to identify specific spatial and environmental factors affecting patterns in assemblage composition, we used the method of PCNM, a standard method for partitioning the effects of the environment and space in ecological studies, [e.g. 17, 35, 36] , while taking into account the space-environment overlap [37] . In our context, a higher percentage of variation explained by spatial (PCNM) covariates would indicate the importance of broad-scale spatial structuring, whereas a higher percentage of variation explained by the environment would suggest species sorting based on local abiotic factors. According to this method, spatial structures (either fine or broad scale) are extracted using solely the geographical coordinates of the sampling stations. The mathematical procedure is based on a principal coordinate analysis of the modified distance matrix of sampling stations [38] . The values of fine-and broad-scale spatial harmonics (similar to the waves used in sound analysis) are recorded for each station resulting in the principal coordinates (i.e. PCNM covariates). Thereafter, redundancy analysis (RDA) selects those PCNM and environmental covariates that explain significant variation in assemblage composition [36] . In our study, associations between community composition and largescale spatial covariates that varied along an east-west gradient would be more indicative of compartmentalization, whereas associations with spatial covariates that vary over a smaller scale would be indicative of unexplored environmental covariates or biotic interactions [39] (also note that the method focuses on detecting linear rather than nonlinear relationships).
The output of the RDA analysis also provides information on the most important genera that are affected by the spatial and environmental covariates. This analysis was conducted using morphological data due to possible issues of interpretation in the molecular data arising because of biases associated with the amplification of protists [40] [41] [42] .
To account for the potential transfer of phytoplankton between compartments due to short-term surface circulation, we used the method of AEM [43] . This is a method for modelling spatial distributions of species that takes into account between-site connectivity, including asymmetry in connectivity. Connectivity weightings were estimated through a computational experiment that tracked the movement of a theoretical particle (see electronic supplementary material, Methodological material) connecting pairs of sites through surface currents of the Aegean Sea (electronic supplementary material, table S4). If the inclusion of directional between-site connectivity increased the amount of explained variation by the AEMs (relative to the PCNMs), then this would indicate current-facilitated transfer of organisms acting to increase homogenization between sites. PCNM and AEM methods were applied separately for each of the three depths for robustness checking of the statistical results.
To further check results regarding spatial structuring in assemblage composition, we tested whether observed differences between sites were also reflected in other measures of assemblage structure. Specifically, we focused on (i) genus richness using the data from the molecular species identification which provided a fuller species identification; (ii) assemblage evenness [44] based on our quantitative morphological data; (iii) abundances of specific genera that were identified by the RDA analysis as strong drivers of the spatial patterns (i.e. those showing a strong correlation with a PCNM spatial covariate); and (iv) abundances of picophytoplankton species that were identified only by the molecular approach. To test for significant differences between pairs of sites, we used Tukey's honest significant differences test.
We used the 'vegan' v. 2.5.3 package in R [45] for running nMDS, PerMANOVA, PERMDISP2, RDA, CCA, PCA, PCNM and variation partitioning, 'packfor' v. 0.0.8 [46] for forward selection and 'AEM' v. 0.6 [47] for AEM. The Academo Venn diagram generator free tool was used to visualize the partition of variation into space, environment and their overlap. Ocean Data View [48] was used to visualize the variation of spatial covariates on the Aegean Sea maps. Statistical analysis was carried out in R v. 
Results
One important condition required to demonstrate an effect of compartmentalization on assemblage composition would be the observation of greater variation in assemblage composition between the compartments than variation within each compartment. The pattern in the genus composition of phytoplankton that our study sought to explain is shown in the NMDS analysis of figure 2 . Stations, based on their genus abundance composition using morphological identification data, showed clustering primarily based on site. A longitudinal spatial separation was also observed, whereby the west compartment G1-G5 formed a broad group of more similar assemblages that was distinct from the east compartment, within which sites G6-G9 formed three distinct clusters ( figure 2a) . These clustering patterns were tested statistically using PerMANOVA analysis on morphological data that were Hellinger and presence/absence transformed, and based on sequential addition of compartment, site and depth using 9999 permutations. For Hellinger-transformed abundance data, the compartment had a significant effect in the clustering of stations (F 1,125 = 3.901, p < 0.001) as well as site (F 7,125 = 10.839, p < 0.001) and depth (F 1,125 = 0.383, p < 0.01) ( figure 2a ). This east-west separation held, although was less pronounced, when presence-absence data were used (F-compartment 1,125 = 2.088, p < 0.001, F-site 7,125 = 5.701, p < 0.001, F-depth 1,125 = 0.442, p < 0.001) (figure 2b). No differences were observed between the two compartments with respect to their homogeneity in genus composition between sites (for Hellinger-transformed data: F 1,133 = 0.005, p = 0.343; for presence/absence data: F 1,133 = 0.006, p = 0.117).
Regarding the drivers of assemblage composition, the spatially explicit PCNM method explained 59-65% of the variation across the three depths ( figure 3 and table 1 ). In the PCNM analysis, most of this explained variation was accounted for by spatial structures (27%) and environmental covariates that were correlated with these structures spatially (i.e. the overlap between spatial and environmental components was 18-27%), whereas the effect of the environment per se was weak (11-14%) (see PCNM results in figure 3 ). The high overlap of the environment with the spatial structures is mainly due to the high correlation of royalsocietypublishing.org/journal/rspb Proc. R. Soc. B 286: 20191890 salinity and silicates with the spatial covariate PCNM2 (Pearson's correlation coefficient for salinity: −0.732 and silicates: 0.479, p-value < 0.001, at 1 m depth). When potential dispersal of plankton cells between sites was accounted for by including connectivity weightings and directionality using the AEM analysis, then the amount of explained variation fell or remained unchanged, while the variation partitioning into spatial, environmental components and their overlap was qualitatively similar to PCNM (see AEM in figure 3) .
The spatial covariates that contributed significantly and most strongly to the explained variation (RDA, p-value < 0.001) were PCNM1 and PCNM2 (table 1) . Specifically, the spatial covariate PCNM1 (figure 4a) presented maximum variation along the east-west axis, and was thus aligned with the two marine compartments previously identified in the Aegean Sea. PCNM2 varied only within the east compartment along an southeast to northwest axis (figure 4b), in agreement with the clustering of sites G6-G9. Of the environmental covariates, salinity and silicates were the most important in driving composition (table 1) , although with a high degree of correlation with the spatial covariate PCNM2 as previously mentioned.
The genera that were identified by the RDA analysis (electronic supplementary material, figure S3 ) as the most important in driving the spatial structuring of assemblage composition according to PCNM1 were three typical planktic diatoms, Bacteriastrum, Leptocylindrus and Chaetoceros (electronic supplementary material, figure S4 ). Specifically, in the G1-G5 sites of the west compartment, these species were present at high abundance (e.g. Chaetoceros maximum abundance 9034 cells l −1 ), considering the oligotrophic environment of the eastern Mediterranean, but were absent or present only at very low levels in the G6-G9 sites of the east compartment.
The separation of assemblage composition between the west and east marine compartments, identified by the PCNM analysis, was supported by further analysis of the patterns of genus richness as measured by the molecular approach. Pairwise comparisons of molecular genus richness between sites G1-G5 of the west compartment and G6-G9 of the east compartment based on an LSD test were significantly different ( p < 0.05) at both 1 and 5 m depths, showing lower genus richness in the G1-G5 sites (electronic supplementary material, figure S5A and table S5 ). However, consistent differences between sites of the two compartments were not observed at Secchi depth, or when using morphological genus richness data (electronic supplementary material, figure S5B ). Having accounted for depth, the different compartments also explained a significant amount of variation in the evenness of assemblages (using the morphological approach) (ANOVA, F 1,124 = 10.26, p < 0.01) which was not collinear with the variation explained by site (ANOVA, F 8,124 = 11.10, p < 0.001). However, these differences in evenness were not consistent among the sites of the two compartments (electronic supplementary material, figure S5C) .
From a total of 198 genera identified by the molecular approach, 32% were not shared between the west and east compartments (28% of 132 genera using the morphological approach). Specifically, a higher number of genera unique figure S6 ). This observation was consistent between the two identification methods and across four main phyla present in our samples (Baccilariophyta, Miozoa, Ochrophyta, Haptophyta), with the exception of Chlorophyta, for which more genera were detected in the west compartment compared to the east (electronic supplementary material, figure S7 top panel) . Eukaryotic picophytoplankton species, which were only detected by the molecular approach, were present in both compartments and their abundance (based on reads) did not show a consistent dominance of this group in either west or east compartment (electronic supplementary material, figure S7 ).
Discussion
Our findings provide evidence that marine compartments fed by water and associated assemblages from distinct biogeographic marine realms can affect the composition and diversity of phytoplankton assemblages, even within the same regional sea. Our findings also suggest that although assemblages are shaped by environmental conditions at the level of the coastal site, this effect is insufficient to explain broader-scale patterns in assemblage composition and diversity. Our findings emphasize the importance of large-scale biogeographic processes in driving patterns of diversity and composition, at least for certain periods of the year (summer, in our case), and confirm the suggestion by Fontaneto & Hortal [50] that not all protists are ubiquitous. Although compartmentalization in the Aegean Sea has been previously based on satellite data of primary productivity [12, 28] , this is the first time that the existence of these compartments has been confirmed by more complex measures such as genus composition and richness. Previous studies in community ecology, following similar methodological approaches, may have missed the effect of marine compartmentalization [35, 36, 51] because the spatial extent of studies did not incorporate different marine compartments or marine realms.
In our study, compartmentalization (PCNM1) and environmental variation overlapping with a finer-scale spatial structure (PCNM2) were able to explain a large proportion (greater than 50%) of the variation in assemblage composition. Specifically, the role of spatial structuring, as expressed by the PCNM1 gradient, explained most of the variation in assemblage composition and reflected the two marine compartments in the Aegean Sea [10] that are formed by the general hydrodynamic circulation pattern. The east compartment is characterized by a northward current of Atlantic origin, flowing from the Levantine Sea and then along the east coastline of the Aegean. The west compartment is fed by light, brackish water from the Black Sea flowing along the north and west coastline [52, 53] . The distinct phytoplankton assemblage composition that we identified in our study between east and west reflects the previous reports of compartmentalization and was demonstrated by the fact that almost one-third of the genera was not shared between the two marine compartments, and that some genera that had high abundances in the west compartment were absent from the east. Additionally, this finding seems to support a previous synthesis of plant and animal data showing that the Black Sea, from which water in the west compartment originates, is quite distinct and characterized by high endemicity, compared to the North Atlantic Ocean, from which water in the east compartment originates [1] . The fact that quantitative data explained almost three times more variation than presence-absence data could also suggest that the differences in physico-chemical conditions may result in species sorting at the compartment level. Note that during winter, the pattern may be altered because of (i) nutrient-rich freshwater inputs which might increase forcing at the level of the local site and (ii) a stronger influence of the western marine compartment, given that the Black Sea (its origin) receives important freshwater inputs from main European rivers (e.g. Danube, Dnieper, Dniester and Don).
Also linked to the origin of these water masses might be the observed difference in molecular genus richness between the two compartments. It is a general principle in biogeography that larger geographical areas (or water masses) are more species diverse as they provide the scope for more niches [54] . The higher genus richness observed in the east compartment is therefore expected: the water flowing into the east compartment originates from the larger North Atlantic, whereas the water flowing into the west compartment originates in the smaller Black Sea [1] . This observation is also confirmed by a previous comparison of copepod diversity between the South Aegean Sea ( part of the east compartment) and the Black Sea water masses [55] . We conducted additional analysis to check whether this distinction could be attributed to Table 1 . The percentage of the overall variation in phytoplankton assemblage composition that is explained by spatial structures, the environmental covariates and their overlap using the PCNM method (column 3). Results are shown for each of three depths for morphologically identified Hellinger-transformed genus abundance data and presence-absence genus data. Also shown is the contribution to explained variation (as percentages) due to each of the four significant and top-ranked environmental and spatial (PCNM) covariates (RDA analysis, p-value < 0.001) (columns 4-7 higher levels of environmental heterogeneity in the east compartment (island sites) than the west compartment (mainland sites). However, our analysis showed that the two compartments were not different in the level of heterogeneity within them in relation to the most critical environmental conditions for phytoplankton (electronic supplementary material, figure S8 ). We also observed no significant difference between the two compartments in their levels of assemblage heterogeneity.
Interestingly, our study also shows that picophytoplankton species, which can be even less constrained by dispersal limitation than microphytoplankton due to their considerably smaller sizes, did not follow the east-west compartmentalization. Regarding the whole phytoplankton assemblage, differences between compartments were also not picked up by the measure of evenness; this is expected because phytoplankton evenness is known to be driven primarily by the dominance of species that respond rapidly to nutrient enrichment commonly occurring at a local scale within both compartments [56] .
Our study indicated another smaller-scale spatial pattern (expressed by the spatial covariate PCNM2), operating within the east compartment (sites G6-G9), in the neighbourhood of the frontal area isolating the warm, saline Levantine Surface Water from the cold, low-salinity Black Sea water [53] . This finding seems to resolve previous ambiguity concerning the association of Lemnos Island with a specific compartment (see electronic supplementary material, table S2), at least with respect to phytoplankton assemblage composition. Specifically, our salinity and temperature covariates revealed a separation of the northern-most island sites G6-G7 of Lemnos Island from the Lesvos Island sites, in agreement with some studies associating this island with the western ecoregion [10, 23, 24, 27] . However, the gradient dictated by PCNM2 did not offset the broader-scale pattern in genus composition, according to which stations G6-G9 all belong to the east compartment, in agreement with studies based on climatology and satellite data [12, 28] . Taken together, these findings suggest that the sea between Lemnos (sites G6-G7) and Lesvos (sites G8-G9) islands represents the meeting point of the two distinct water masses of the Black Sea and the Atlantic Ocean water; through this, exchange of phytoplankton species occurs following the direction of the eastern upwards current bearing Atlantic water.
The fact that salinity and silicates were among the most important environmental drivers of assemblage composition appears to be inconsistent with localized coastal monitoring studies in which sampling within annual cycles reveal nitrogen and phosphorous as the main drivers of compositional turnover in temperate oligotrophic waters [57] [58] [59] . This apparent contradiction could be a result of spatial and temporal scales. Specifically, phytoplankton composition responds in a more pronounced manner to the temporal variability of nutrients (e.g. due to freshwater inputs) than to salinity, because of opportunistic species such as Pseudonitzschia spp. that form high biomass blooms within short periods of time [58] . However, our results show that over larger spatial scales, the effect of nitrogen and phosphorus appear to diminish, and salinity and silicates are the main drivers of assemblage composition. Consistent with our findings, an important role for salinity and silicates in microeukaryotic assemblage structure has been shown in the East China Sea, over a large geographical area of hundreds of kilometres [35] comparable to the scale employed in our study.
In our study area, surface currents are affected by seasonal variability in the intensity of Black Sea water inflow, which generates short-term surface circulation patterns in the Aegean Sea (e.g. gyre formations). Although Figure 4 . Spatial variation of the PCNM variables 1 and 2 superimposed on the geographical locations of the nine sampling sites. The dashed line indicates the separation of the Aegean Sea into an east and a west marine compartment according to [12] . The colour scale indicates the range of values taken by the spatial covariates PCNM1 and 2 in the context of this analysis. The variability of spatial covariate PCNM 1 (a), which best explains the assemblage composition data, confirms this separation as the directionality of change occurs along the west-to-east axis. PCNM 2 (b), which was the second most significant spatial covariate in explaining assemblage composition, varies only across the G5-G9 sites, along a southeast to northwest gradient. (Online version in colour.) royalsocietypublishing.org/journal/rspb Proc. R. Soc. B 286: 20191890 such surface currents were present during the study period (July), it seems that these were either not as strong or did not operate long enough to cause the dispersal of phytoplankton genera between sites. This was demonstrated by the inclusion of connectivity between sites introduced with the AEM model, which did not improve the explained variation in assemblage structure. This is consistent with previous studies showing that short-term hydrodynamic patterns in the area do not affect the main hydrodynamic features of the northward eastern current and southward western current [60, 61] creating the separation between the two marine compartments. It seems, therefore, that stochastic processes such as dispersal are not intense enough to generate homogenization of assemblage composition and thus override the separation of assemblages due to larger-scale compartmentalization in the area.
Conclusion
Our findings suggest that the effect of regionalization on assemblage composition and diversity should be considered carefully when investigating drivers of assemblage structure. In contrast with the dominant paradigm in ecology, according to which diversity and composition of phytoplankton assemblages have been thought to be strongly driven by local environmental conditions that arise due to inflow from watersheds, our findings indicate that circulation patterns which lead to broad-scale compartmentalization might also have an important impact on the diversity and composition of phytoplankton assemblages in coastal systems. This effect may nevertheless depend on the strength of surface circulation affecting the dispersal process between compartments.
In addition to the impact of this finding for our understanding of ecosystems, the management implications are also critical because neglecting this factor, while prioritizing sites for conservation (e.g. for the purposes of directives such as Natura Network or Water Framework), might result in the misdirection of management resources (e.g. if there are differences in resilience/resistance to perturbations). If sufficient care is not taken, differences in composition and diversity between sites within a common regional sea might be erroneously attributed to localized anthropogenic pressures (e.g. eutrophication) rather than processes operating at much broader scales, such as marine compartmentalization. Given that the diversity and composition of phytoplankton fuels higher trophic levels [62] , any shifts in marine compartments due to, for example, climate change may have important knock-on effects on the ecosystem goods and services provided by coastal ecosystems.
